Abstract: Nowadays, the building industry and its associated technologies are experiencing a period of rapid growth, which requires an equivalent growth regarding technologies in the field of vertical transportation. Therefore, the installation of synchronised elevator groups in modern buildings is a common practice in order to govern the dispatching, allocation and movement of the cars shaping the group. So, elevator control and management has become a major field of application for Artificial Intelligence approaches. Methodologies such as fuzzy logic, artificial neural networks, genetic algorithms, ant colonies, or multiagent systems are being successfully proposed in the scientific literature, and are being adopted by the leading elevator companies as elements that differentiate them from their competitors. In this sense, the most relevant companies are adopting strategies based on the protection of their discoveries and inventions as registered patents in different countries throughout the world. This paper presents a comprehensive state of the art of the most relevant recent patents on computer science applied to vertical transportation.
I. INTRODUCTION
In recent years, the rapid growth of the building industry and associated technologies has demanded a similar growth in the field of vertical transportation. Nowadays the installation of synchronized elevator groups in modern buildings is common practice. Fig. (1) depicts an image of the Manhattan business centre.
Fig. (1). Skyscrapers in the upper Manhattan business centre
The growing problem of vertical transportation has lead elevator engineers that work on vertical transportation to found professional associations such as the IAEE (International Association of Elevator Engineers) with a worldwide scope. Along the same lines, interest in the matter has moved the Chartered Institution of Building Services Engineers to publish a regular revision of the CIBSE Guide D focused on transportation systems in buildings [1] .
However, the problem is constantly evolving and the challenges to be faced are growing. The management of complex groups of elevators serving many passengers who are wanting to travel to different floors at the same time, and sometimes sharing different buildings, requires the consideration of complex algorithms, control methods and advanced decision rules to be implemented in the controllers of the elevator group.
Furthermore, the numerous criteria to be considered make the problem particularly difficult. Traditionally, the main objective has been the minimisation of the passengers' waiting time to take a lift, with other significant performance criteria being the necessary limitation of maximum waiting times and the queue sizes of persons waiting for the lift. However, new efficiency criteria have recently arisen, such as the system's energy consumption. This criterion is supported by cost and sustainability factors. In fact, due to an increasingly environmentally aware society, a more rational consumption of energy will lead to a reduction of the costs of the electronic devices, as well as a reduced expenditure on energy.
Taking into account these considerations, elevator control and management has become a major field of application for Artificial Intelligence approaches. Methodologies such as fuzzy logic, artificial neural networks, genetic algorithms, ant colonies, or multiagent systems are being successfully proposed in the scientific literature, and are being adopted and "sold" by the leading elevator companies as elements that differentiate them from their competitors. Along these lines, the most relevant companies in the field are adopting strategies based on protecting their discoveries and inventions as registered patents in different countries such as the United States, the European Union, Canada, or Japan, amongst others. This is the case for the Otis Elevator Company, the Kone Corporation or Mitsubishi. This paper focuses on addressing and analysing such contributions, with the aim of generating a comprehensive state of the art on computer science patents applied to vertical transportation.
The rest of the paper follows with an overview of the type of vertical transportation problems that have arisen during recent years. The different problems are grouped into dedicated sections and discussed in detail. Each type of problem includes references to approaches in the scientific literature, as well as to the most relevant patents. The following sections thus include the most typical and traditional problems, consisting of allocating a landing call to a specific car of the elevator group; the problem of characterising the traffic in the building; the global control problem that tries to solve the two aforementioned issues at the same time; and other significant problems that are associated with special architectures, safety issues, or monitoring capabilities, amongst others.
II. THE HALL CALL ALLOCATION PROBLEM
This situation arises when a passenger wants to travel from one floor to another different floor in a building. The passenger makes a hall call to an elevator by pressing a landing call button installed at the floor and located near the cars of the elevator group.
After that, the elevator controller receives the call and identifies which one of the elevators in the elevator group is most suitable to serve the person that issued the call. This phenomenon is also known as "dispatching". The dispatcher's task is to monitor the hall and car calls and to control the movements of the elevators, to ensure that the passengers are collected promptly and transported rapidly to their destinations. The problem that must consequently be solved is how to select an elevator for each hall call that will minimise a preselected cost function. The dispatcher will usually aim to minimise the passenger waiting time, namely the mean time between the registration of the hall calls and the arrival of the car, but other performance measurements can also be considered, as has been already addressed in the introduction section.
Traditionally, the performance of a group of elevators is assessed analysing the passenger Average Waiting Time (AWT), the passenger Average Travel Time (ATT) and the passenger Average Journey Time (AJT), the latter being calculated as the sum of the former two. ATT is the time from when the responding elevator doors start to open until the time the doors start to open again at the passenger's destination. AWT is defined as the actual time a prospective passenger waits after registering a hall call (or entering the waiting queue if a call has already been registered) before the responding elevator doors start to open. Special consideration concerning maximum allowed delay must also be considered in order to provide a satisfactory service.
Energy criteria have recently taken on particular relevance, based on the increasing concern about sustainable development and the financial savings that can be produced in corporate buildings.
The problem can easily be proven NP-Hard independently of the criterion. So, most of the approaches are focused on artificial intelligence techniques. In fact, vertical transportation has become a major field of application for artificial intelligence approaches such as fuzzy logic, neural networks, genetic algorithms, and multiagent systems. All of which are techniques that are capable of providing better solutions than traditional controllers implementing dispatch expert rules that make use of simple IF-ELSE logical command sets.
II.1. Approaches based on expert rules
Traditionally, the main approach to manage a group of elevators has been using a set of predefined rules, which have been named "expert rules". Engineers with wide experience in vertical transportation proposed rules that aimed to govern the correct performance of the group. Undoubtedly, this situation became more complex as the complexity (and height) of the buildings grew. In fact, the problems of gaining expert knowledge, accounting for inconsistencies, and maintaining the underlying rule set, made the approach difficult to use. Furthermore, although certain traffic situations may look similar, they could require different dispatching decisions.
Most of the patents using expert rules are rather old and refer back to the 1980s and, in some cases, even the 1970s. It is however quite common to find new contributions from this field of research. Taking a look at the most recent contributions, we find among them a proposal by Kabushiki Kaisha Toshiba, presenting a controller based on a condition-instruction table which contains a set of predetermined control rules being defined by given conditions and given instructions, [2] . In accordance with a specific rule selected from the control rules, the elevator controller allows the detecting of a degree of establishment of the given conditions to provide a detected condition, and the generation, in accordance with the detected condition, of an elevator control instruction used for performing the group control.
A service/equipment equalization destination system for elevators has also been registered, [3] . The invention consists of an elevator car equalization computer program that includes software instructions enabling a computer to perform predetermined operations, a computer readable medium bearing the software instructions, and a computer system including a processor and a memory. The system receives inputs from the data input terminal containing information from the origin-destination travel. The assignment of an elevator to each location of the originating demand is carried out by forming temporary call response zones based upon the elevator assignments. The present system provides shorter average waiting times, transfer times, trip times, round trip times and equipment use, compared with traditional IF-ELSE rules.
Inventio AG researchers proposed a master-slave system based on expert rules to determine the travel sequence planning for a group of elevators, [4] . The method determines the optimal travel sequence for an elevator installation that includes smart terminals, sending destination specific travel requests and other planning information to the job manager software for each elevator car. The job managers perform a situationbased search process to determine the optimal travel sequence plan for the associated elevator and then submit an offer to the terminal sending the travel request. The terminal compares offers and then books a selected one. The job managers respond to relevant changes in the situation upon which the plan is based, in order to determine an altered travel sequence and associated altered offer.
Researchers at Kone Corporation have presented an elevator control based on group size, [5] . The method allocates a car from the elevator group to a car call, based on a passenger data terminal, and an elevator group control system for controlling the elevators in response to signals from the passenger data terminal. This method requires the size and destination floor of the group of passengers to be input into the control system of the elevator group (from the historical data), allocating one or more elevators to the group of passengers by utilizing the data of the group's size and destination floor, and informing the members of the group of passengers about the allocation. The proposal's main idea is to make it possible for a passenger using an elevator to indicate that they belong to a group travelling at the same time from a landing level to one or more destination floors. Thus, according to the invention, when the passenger gives their destination floor, they can also inform the system that they belong to a group. This information is input using a passenger data terminal. The passenger data terminal may have a user interface with a menu or key for indicating that the passenger belongs to a group. It is also possible that only one member of the group inputs information into the passenger data terminal, telling the system how many members of the group are travelling to the destination floor. The destination floor elevator system, and the elevator group control system in particular, consequently receives information concerning how many passengers are travelling from the landing level to the destination floor. The elevator system can then send an elevator that has sufficient space for the entire group of passengers or, if necessary, several elevators for the whole group.
Very recently, researchers at Mitsubishi Company have proposed an elevator group controller based on expert rules, [6] . The proposal is related to the previous one, [5] . Here, an elevator group supervisory control system includes an estimation processing unit that determines an estimated in-cage load in departing from a departure floor, estimating at least one of the following measurements: speed, acceleration, and jerk rate of the car, in accordance with the estimated in-cage load, to determine an estimated arrival time. An assignment unit selects and assigns a car serving as a response to a hall call, on the basis of information from the estimation processing unit when the hall call is issued.
II.2. Approaches based on fuzzy logic
Fuzzy logic was first presented as a way of processing data by allowing partial set membership rather than crisp set membership or non-membership. Nowadays, fuzzy logic is widely used as a control methodology that incorporates a simple, rule-based "IF condition 1 AND condition 2 THEN consequence" approach to solving a control problem rather than attempting to model a system mathematically. Fuzzy logic is empirically-based, relying on manager/designer experience rather than their technical understanding of the system. Fuzzy logic was enthusiastically followed during the 1980s and 1990s by the vertical transportation industry. Since then, fuzzy logic has continued to be used. Most patents incorporate fuzzy techniques in an individual manner or as a part of more complex systems including hybrid methodologies. Fuzzy logic is considered as an Artificial Intelligence method providing a wider basis of analysis than traditional expert rules based on heuristics approaches.
Although fuzzy logic has mainly been used for global control strategies (Section 4), it has also been considered for the dispatching problem. For example, Otis researchers developed an elevator car assignment conditioned on minimum criteria based on fuzzy rules, [7] . An uncertainty filter was designed with input data, which is indicative of a fuzzy logic set having basis elements corresponding to cars of an elevator system having degrees of membership associated therewith corresponding to the utility of assigning the associated car to service a hall call. The uncertainty filter chooses a car corresponding to the term from the set having the highest degree of membership. The choice can be delayed until a predetermined amount of time has passed; or the degree of membership exceeds a predetermined amount; or the degree of certainty (the degree of membership of the chosen car divided by the sum of degrees of membership of the other cars) is more than a predetermined amount; or until either the degree of membership or the degree of certainty meets a value which varies as a function of time from when a hall call was registered.
The same company has also registered a fuzzy logic dispatcher that determines the elevator car assignment utility, [8] . In fact, the utility of assigning each car of an elevator system to service a hall call is determined by estimating the performance of each elevator car using a set of performance criteria. The performance criteria are then scaled by values that are indicative of the customer preferences for elevator system performance, in order to form scaled performance fuzzy sets. An assignment utility fuzzy set is formed from terms of the scaled performance fuzzy sets. The utility of assigning each car to service a particular hall call is then set equal to the maximum value of the degrees of membership of all of the terms of the scaled performance fuzzy sets. Alternatively, the utility of assigning each car to service a particular hall call can be set equal to the minimum value of the degrees of membership of all of the terms of the scaled performance fuzzy sets.
A particularly interesting situation emerges when the passenger destination is known by the system. This situation appears when the buttons in the car operating panel are the same inside and outside the car, resulting in the desired destination being indicated by the passenger service request prior to the passenger entering the elevator car.
In this sense, an elevator car dispatch including passenger destination information and a fuzzy logic algorithm has been registered [9] . The elevator system includes a controller that uses one of a set of fuzzy logic algorithms to assign an elevator car to service a passenger request. A disclosed example uses a passenger's desired destination as indicated by the passenger service request prior to the passenger entering the elevator car. The multiple fuzzy logic algorithms consist of a combination of relationships between an elevator car's current assignments, a passenger's desired destination, a source landing of the passenger's request, and a combination of them through a performance index. Also, researchers of Fujitec have patented a method for controlling a group of elevators using fuzzy rules, [10] . The system states the hall call allocation by applying fuzzy rule groups to the hall call, and selecting an optimum elevator car with a fuzzy inference applied, and assigning a call to the car. A set of fuzzy rule groups are successively applied according to respective priority orders previously given to the fuzzy rule groups. In such successive applications, a subsequent rule group is applied only when there is at least one car (excluding the car whose assignment aptitude is optimum) that has the difference in the assignment aptitude value for the current rule group, from that of an optimum car, no greater than a predetermined threshold value. This method includes an evaluation index calculation unit to carry out calculations of evaluation indexes, based on a traffic information signal, when a hall call occurs.
II.3. Approaches based on neural networks
Artificial neural networks are computational models based on a biological neural network analogy. They consist of an interconnected group of artificial neurons and they process information using a connectionist approach to computation. In most cases an artificial neural network is an adaptive system that changes its structure based on external or internal information that flows through the network during the apprenticeship phase. Artificial neural networks are useful to model complex relationships between inputs and outputs, or to find patterns in data, as well as to proceed with optimal decisions, as for example in the car dispatching problem that is being explored here.
Otis researchers presented an elevator control neural network system, [11] , to state the car to be allocated to hall calls in a building served by a group. The system estimates the remaining response time for an elevator car to be assigned to a newly registered hall call. The neural network is standardised for use in any building, through the use of an upstream fixed length stop description that summarises the status of the building at the time of the new hall call registration, for one or more postulated paths of each and every car under consideration to answer the new hall call.
The same company later proposed a method for continuous learning by an artificial neural network used in the elevator dispatching system, [12] . The method can be viewed as the continuation of the company's previous work. In fact, the registered proposal consists of a method that trains a neural network used to estimate the remaining response time for the elevator to service a hall call. The training, which results in adjusting connection weights between nodes of the neural network, is performed while the elevator is in actual operation. The method is not restricted to any particular architecture of neural network. The method uses a cut-off to limit changes to the connection weights, and will scale the different inputs to the neural network, so that all inputs lie in a predetermined range. The method also provides for training in case the elevator is diverted from servicing the hall call by an intervening hall call.
II.4. Approaches based on genetic algorithms
Genetic algorithms are adaptive heuristic search algorithms premised on the evolutionary ideas of natural selection and genetics. The basic concept of genetic algorithms is designed to simulate processes in the natural system necessary for evolution, specifically those that follow the principles first laid down by Charles Darwin of survival of the fittest. As such they represent an intelligent exploitation of a random search within a defined search space to solve a problem. The genetic algorithm success in many fields of engineering has contributed to the popularity of this intelligent search process. The elevator industry has also greatly attracted interest in genetic algorithms. Kone Corporation has been researching the applicability of genetic algorithms to vertical transportation for many years. The report by the Helsinki University of Technology [13] addresses much of the research carried out. The paper shows an appropriate genetic algorithm based on a stochastic search method that aims to find near-optimal solutions. The method proposes the allocation of a landing call to a car forming a gene, and a combination of genes where each call is allocated to a car forming a chromosome. To start, random routes are generated, followed by a few of the best of the initial routes being selected. A new generation from the selected routes is created using inheritance, crossing over and mutation. Once again, the best routes are selected, and next generation is created. Finally, after some generations, the solution converges to the solution.
A genetic allocation method for allocating a landing call to one of several elevator cars in an elevator group is presented by researchers of the Kone Corporation [14] , where cars move and stop within the area of several different floors.
The elevator travel routes are encoded into alternative chromosomes. Using genetic methods, alternative chromosomes are developed and the best chromosome is selected. Finally, the elevator group is controlled in accordance with the best chromosome. The algorithm makes use of building zoning: the floors served by the elevator group are divided into a first group and a second group. On the floors of the first group, landing calls are given as passenger-specific destination calls. On the floors of the second group, landing calls are given as floor-specific up/down calls. When the destination calls and up/down calls are encoded into the same chromosome, the best chromosome represents an allocation decision, in which the gene values indicate which elevator car is to serve each passenger and each up/down call.
Two similar patents were previously registered by some of the same inventors with the name "method for allocating landing calls", [15] , and "method and apparatus for allocating passengers by a genetic algorithm", [16] . Analysing the latter [16] , it seems a traditional genetic approach, whereas the former [15] presents certain novelty. The purpose of the invention is to achieve a new solution for allocating landing calls to the elevators in an elevator group, so that the control call received by each elevator changes as seldom as possible. This is achieved via genetic allocation, by using the allocation option selected in the preceding instance of allocation as one chromosome in the starting chromosome population in a new instance of allocation.
As we have previously stated, one of the current challenges is the optimisation of multicriteria functions, taking into consideration passenger waiting times as well as energy consumption. Kone corporation research recently began focusing on this line.
A genetic algorithm based on an elevator group control system that utilises a multiobjective criterion and that dynamically changes the process control environment has been presented, [17] . A bi-objective genetic elevator group control is presented, together with the performance results obtained from simulations concerning a high-rise office building. The results show that with this approach it is possible to regulate the service level of an elevator system, in terms of average passenger waiting time, so as to bring it up to a desired level while minimising energy consumption. The authors have also protected their invention as a patent, [18] .
In addition to Kone Corporation research on genetic algorithms, other researchers have been carrying out research on genetic algorithms. A particularly interesting proposal presents a new concept for an elevator group control system that can change control settings according to individual floor utilization situations, [19] . The floor-attributebased control method carries out the assignment of a service car for a passenger. The assignment is done by: predicting waiting time or crowding in a car by using each car location, situation of other passengers, learned traffic demands of the building in the past, etc.; calculating evaluation values for each car from the predicted values; and selecting an optimum car by comparing the evaluation values. The optimisation of control parameters is carried out using an online genetic algorithm that tunes the parameters in order to minimise the waiting time, and seven control parameters related to multi-objective control were encoded into the chromosome. Population size (number of control parameter sets for a generation) was set to 30. The simulator used lunchpeak traffic flow data that was measured in an actual building.
Researchers from LG Industrial Systems Company proposed an elevator group management system based on genetic algorithms, [20] . The authors claim that their proposal is capable of decreasing the average waiting time and the waiting generation probability by selecting more than two cars with high evaluation values, after evaluating each car using a synthetic evaluation function, and allocating the car proposed by the genetic algorithm. The genetic algorithm makes use of traditional crossover and mutation operators and an evaluation function for evaluating a gene of each solution. In order to appropriately include the estimate hall call generation probability for each car, a respectively different probability is applied to each different car. The estimate hall call generation probability is the probability that a hall call is generated within a time period.
Mitsubishi Company has also presented a group managing system for elevator cars based on genetic algorithms, [21] . The algorithm follows the traditional rules of genetic algorithms, including crossover and mutation operators. The best individuals are accumulated in a memory using additional registrations, in which the best individuals are additionally stored in the memory and deletions in which non-feasible solutions are deleted from the memory. The optimum set is selected from the accumulated sets, so that it can be efficiently found by the system.
II.5. Approaches based on hybrid methods
Hybrid methods are known for integrating several artificial intelligence techniques under the same application. They can combine genetic algorithms with fuzzy logic, neural networks with ant colony algorithms, as well as any other possible combination.
The scientific literature on vertical transportation has focused much attention on these types of methods. A good example is the proposal of an intelligent dispatching method based on ant colony algorithm and fuzzy neural network, [22] . The elevator group control system is based on a fuzzy neural network that adapts to various traffic flow modes. The proposal uses an ant colony algorithm to optimise the weights of the fuzzy neural network before training it with the back propagation algorithm. This approach can solve the problem of convergence of weights more effectively and avoids being trapped in local optimal values when trained just with the back propagation algorithm.
It is also easy to find good proposals in the patents field. Fujitec researchers proposed an elevator group supervisory control system based on a hybrid fuzzy-neural approach, [23] . The proposal includes an elevator group supervisory control system for selecting the most suitable car among a group of elevators. The algorithm comprises a temporary assigning means for temporarily assigning the car using a conventional method, such as a fuzzy group supervisory control based on group data representing the status of the elevator system at the moment when a new hall call is made; and a neural net for receiving numerical values converted from group data, including the judgement result of the temporary assigning means and outputting an assignment suitability of each elevator. By examining the output pattern of the neural network, the system decides which would be the most suitable elevator to assign to the hall call.
More recently, Kone Corporation has registered a method for controlling an elevator system based on the Enhanced Spacing Principle (which was first introduced by the same company), a genetic algorithm and statistical estimator of traffic, [24] . The invention produces a cost function for different route alternatives, in which the travelling time of each passenger is calculated. The calculation of the travelling time is performed taking into account the time spent while waiting for an elevator at a floor, the ride time in the elevator car, the delaying effect of active landing and car calls on the travelling time and the delaying effect of car calls given by new passengers entering at intermediate floors. The method brings advantages to the destination call system, but in the traditional up-down call system it is possible to utilise information provided by traffic statistics to predict the destination floor. Route alternatives are created using genetic algorithms. Once the route alternative giving the shortest average travelling time has been calculated, the elevators are controlled according to this route. In intensive traffic conditions, travelling time is optimised, whereas in quiet traffic conditions, passenger waiting time is optimised.
II.6. Approaches based on other computer science techniques
Other computer science approaches that cannot be classified as artificial intelligence techniques appear in the scientific literature (see references [25, 26] ), as well as in the vertical transportation patents databases. Some of them could also have been classified as expert rules but focus more on heuristic approaches. Due to specific differences compared with the aforementioned approaches, these other approaches have been dedicated a separate section. This is the case of the group-control method for an elevator system with plural cages, [27] , a patent registered by Hitachi. The proposal considers a multi-objective function that considers a performance index including the waiting time, the equal time-interval operation preferential zone, the riding time, the cage-load factor, the first-arriving cage preferential zone and the stop call, each of them weighted with specific parameters for the last five of the above-mentioned evaluation indexes that must be tuned. The generated hall call is allotted to a cage having a minimal evaluation value calculated by the aforesaid evaluation function. The control parameters are selected and set at appropriate values in accordance with the manner of use of a building installed with the elevator system. Otis Elevator Company proposed an elevator sectoring for downpeak traffic conditions, [28] . As will be discussed in Section 3, during the down-peak time period people arrive at different halls on each floor with a probability that is associated to the population of the floor. Consequently, cars are assigned to sectors of an approximately equal number of floors, with the remaining floors being assigned to sectors near the lobby, with one car per sector. The proposal provides a dispatching strategy to serve elevator traffic in both the up and down directions, giving priority service to the down travelling traffic while providing limited service to the up travelling traffic. All floors requiring down service are given equal access to the system regardless of the floor's position within the building.
Kone Corporation has proposed a method for allocating landing calls in an elevator group, [29] . The proposal includes a set of decision rules together with a cost function to evaluate the suitability of the decision rule proposal. Specifically, the procedure considers an elevator bank that forms several allocation options. Each allocation option contains, for each active landing call, a call data item and an elevator data item, which together are used to determine which elevator should service the call. The value of a cost function is calculated for each allocation option; one or more of the allocation options is repeatedly changed regarding at least one data item, and the values of the cost functions of the new allocation options are calculated. Based on the values of the cost functions, the best allocation option is selected and the active elevator calls are allocated accordingly to the elevators in the elevator bank.
Mitsubishi has registered a method and elevator scheduler for the scheduling of a group of cars of an elevator system in buildings, [30] . The procedure schedules the cars of an elevator system, beginning the process whenever a newly arrived passenger presses an up or down button to generate a call for service. For each car, a first waiting time can be determined for all existing passengers if the car is assigned to service the call, based on the future status of the elevator system. Similarly, for each car a second waiting time can be determined for future passengers if the car is assigned to service the call, based on the landing pattern of the cars. Finally, for each car, the first and second waiting times are combined to produce an adjusted waiting time. The method is completed by assigning a particular car with the lowest adjusted waiting time to service the call, thus minimising the average waiting time for all passengers.
Otis Elevator Company researchers have proposed an approach for scheduling a group of elevators [31] . The proposal includes an information model that collects data such as passenger arrival time, arrival floor and departure floor, within a time window. A static problem is then solved for such a time window by minimising an objective function based on the total service time of all passengers in the period of analysis proposing the passenger-car assignments and car dispatching.
II.7. Approaches based on other artificial intelligence techniques
New approaches from artificial intelligence have recently arisen in the scientific literature. Some include considerable contributions to the car-call allocation problem, but we have not yet been able to find corresponding patents. They are multiagent system approaches, swarm particle algorithms, or immune systems algorithms, amongst others.
An interesting paper presents a distributed elevator group control system based on a multi-agent system that overcomes the computing bottleneck that exists in traditional collective elevator group control systems, [32] . The system is composed of C-agent, HC-agent and M-agent, which respectively correspond to elevator car, group controller, and a virtual management unit. The algorithm includes the architecture of a reticulate distributed system. Another paper, [33] has proposed a particle swarm optimization (PSO) algorithm. The proposed algorithm includes a novel PSO-based dynamic scheduling algorithm that services zones that are determined by considering their expected round-trip time. The simulation results balance the round-trip time over the elevator system and further improves the service quality of the elevator system. Some of the same authors have also shown the efficiency of an artificial immune algorithm dispatcher when it is compared to the well-known THV-duplex algorithm, [34] .
We have only shown a few examples from the scientific literature. New patents should therefore be expected over the coming years, contributing to the use of the most novel artificial intelligence techniques.
III. TRAFFIC PATTERN IDENTIFICATION
Most of the controllers are tuned depending on the type of traffic in the building at the time. Therefore, the elevator group control system needs to include a form of traffictype detector. This was traditionally done using a simple timer, but nowadays more sophisticated methods are being implemented.
Traffic patterns represent the mobility of a building population in its necessities of vertical transportation. Each building has a specific shape of its own traffic pattern. Following the indications of the CIBSE Guide [1] , a typical traffic pattern can be depicted by Fig. (2) , which shows the number of up landing calls and down calls registered during the working day in an office building. For a professional building, the traffic pattern will present a larger than average number of up landing calls at the start of the day. This is due to the building's workers arriving to start work, with the phase referred to as uppeak traffic. Late in the day there is the opposite phenomenon, and a larger than average number of down landing calls takes place. This corresponds to the building's population wanting to go home after a working day, and the traffic pattern is called downpeak.
In the middle of the day there are two joint phenomena, due to the appearance of up and down peaks. These depict a situation of people wanting to leave the building for lunch and people coming back after lunch. This period is called lunchpeak traffic.
Finally the rest of the day does not show any special tendency from any specific floor or from any specific stream. Generally, less traffic is registered too. This is called interfloor traffic.
The correct determination of the period of traffic pattern is a key factor, because most of the calculations used to estimate the performance indexes that were introduced in the previous sections depend on the correct identification of the corresponding peak period.
The traditional procedure for traffic pattern identification has been the utilisation of passenger traffic surveys. Human observers count passengers in and out of the lifts. This procedure has been implemented following two approaches. The first is called Survey from main terminal, when the observers count passengers in and out of the lifts at the main destination floor. This method is only suitable for uppeak identification. The alternative method is the In-car survey, when observers are situated in the lift car and count passengers in and out at every floor.
III.1. Approaches based on statistical techniques
As can be easily deduced, the surveys' methods lead to inexact measurements and cannot be updated with the changes to building life. A more sophisticated alternative is the use of statistical techniques.
An elevator traffic flow prediction based on statistical learning theory is presented in [35] . The authors predict elevator traffic flow using least squares support vector machines, which is a type of support vector machine with quadratic loss function.
Kone Corporation has been researching several approaches based on calculus with statistical series for historical data. This is the case of the single exponential smoothing and the adaptive response rate single exponential smoothing (ARRSES) that was used by the Traffic Master System 9000, where the predictions were updated for each floor and journey direction, [36] .
This company has also patented a methodology for the identification of incoming peak traffic for elevators, [37] . When the number of elevator passengers arriving at the lobby floor of the building exceeds a given peak traffic threshold value, the elevators serving the passengers are directed back to the lobby floors after the trip without a separate call. To allow for the faster detection of a peak traffic condition, use is made of information obtained from traditional peak hour identification as well as previously-recorded data obtained from statistics regarding the numbers of passengers.
Otis Elevator Company has also made use of statistical procedures to estimate flows of traffic, [38] . This is the case of an elevator traffic predictor that makes use of historical data checked for accurateness. The elevator system employs a microprocessor-based group controller that communicates with elevator cars in order to derive relative prediction values to be used in a scheme of final assignment. For example, cars are allocated to hall calls at different floors in the building, using appropriate dispatching strategies based on predicted traffic conditions. In the algorithm, the building population behaviour based on weekly events, daily events and real time events is predicted, with the events being used to derive relative prediction values based on the weighted summation of the real, daily and weekly values of the events. Weekly events are considered to be those that happened over a certain number of previous weeks (e.g. 10 weeks) on the same day of the week, while daily events are those that happened over the past few days (e.g. 5 days). Real time events are those which are more or less currently happening, with the time frame of reference being sufficiently short so that data can be produced that can effectively be considered "real time" data, typically covering only a matter of some minutes (e.g. 4 minutes) or even less. In determining which events recorded in the daily and weekly historic databases are to be used in deriving the predicted relative values, the degree of certainty of the data is evaluated using two threshold considerations, and factors based on previously recorded data that fails to have the requisite certainty are not used in the predictions.
Some years later the same inventor proposed new advances to his first algorithm for the detection of traffic behaviour. This is the case of the predictor elevator for traffic during peak conditions, [39] , and his subsequent floor population detector for an elevator system, [40] . In the latter case, a computer controlled elevator system that includes signal-processing means dynamically computes each floor's population during the uppeak period by monitoring the boarding and deboarding counts and using those counts to update that floor's population figure throughout that period. After the period has been completed, the floor-by-floor information, which had been maintained in a table, is used to determine the final historic based floor population spread also using historic data based at least on the past several active days of population spread using exponential smoothing. As a form of verification, the lobby's figure, which typically should equal the total building population, is compared to the total of all of the upper floors' populations. The historically based derivation of the floor population is recorded and made available for use in other signal processing functions in the system, such as, for example, prediction methodology for dynamic channelling of the elevator cars, stored in a table for that current day's information.
However, pure statistical techniques are difficult to implement with an authentic real time scope. When a real time decision (that includes quick processing times) has to be taken, we need to resort to intelligent techniques.
III.2. Approaches based on expert rules
A previous step to artificial intelligence techniques is expert rules. Otis Elevator Company presented an "artificial intelligence" based learning system predicting "peakperiod" times for elevator dispatching, [41] , which is more an expert rules system than an authentic artificial intelligence approach. The invention aims to determine the commencement and/or conclusion of uppeak and downpeak periods of operation. For example, for the commencement of the uppeak operation, a lobby boarding count is predicted, based on previously collected data concerning the number of passengers boarding the elevators at the lobby. The predicted lobby boarding count is compared with a predetermined threshold value. If the predicted lobby boarding count is greater than the predetermined threshold value, uppeak is commenced. In the preferred embodiment, the predetermined threshold value is a predetermined percentage of the building's population. Additionally, the present invention is aimed at a method of adjusting the threshold value based on current passenger traffic. For example, once uppeak is commenced, the load of the first few elevators leaving the lobby within a predetermined time interval is determined, and the threshold value is adjusted based on their determined load. If the determined load is greater than a certain percentage of the elevator car's capacity, indicative of starting uppeak too late, the threshold value is decreased. Similarly, if the determined load is less than a certain percentage of the elevator car's capacity, indicative of starting uppeak too soon, the threshold value is increased.
III.3. Approaches based on fuzzy logic
Fuzzy logic is a suitable technique to predict the behaviour of signals, meaning that its applicability to vertical transportation pattern detection is very relevant. In fact, most of the global control methods include fuzzy logic controllers to identify the current and incoming traffic. Here we address those references that consider fuzzy logic as a means of detecting traffic patterns without including the fuzzy logic detector as part of a global method.
Otis Elevator Company has proposed a fuzzy logic controller to determine the number of passengers entering and exiting an elevator car at a stop, [42] . The software forms three fuzzy logic sets representing temporary estimates of the number of entering passengers and forms three fuzzy logic sets indicative of temporary estimates of the number of exiting passengers. Finally, the sets are combined to form a single fuzzy logic set indicative of the number of entering passengers and a single fuzzy logic set indicative of the number of exiting passengers.
IV. GLOBAL CONTROL STRATEGIES
We have nominated those methodologies that include a traffic predictor tool, together with a dispatcher system, global control strategies. The system is therefore capable of collecting information regarding the traffic in the building, and by using this information it proceeds with a car/hall call allocation procedure.
Most of the proposals include a fuzzy logic controller or a set of expert rules to identify the traffic pattern, which is combined with an artificial intelligence based method to propose the car/hall call allocation. The following subsections describe different approaches, according to methodology.
IV.1. Approaches based on expert rules
Expert rules start by carrying out an estimation of the traffic flow in the building, which leads to the identification of an algorithm selected from a set of alternatives, and consequently a specific car from the group is allocated to the registered hall call.
Otis Elevator Company proposed what was named an artificial intelligence based crowd sensing system for elevator car assignment, [43] . In reality it was a compendium of expert rules to control a group of elevators. The system employs a micro-processorbased group controller, which communicates with the cars of the system to determine the conditions of the cars, and which responds to hall calls registered at different landings in the building that are serviced by the cars under the control of the group controller, assigning hall calls to cars based on the summation for each car, relative to each call, a weighted summation of a plurality of system response factors, some indicative, and some not, of conditions of the car irrespective of the call being assigned, assigning varying "bonuses" and "penalties" to them in the weighted summation. Expert rules (based on [39] ) are used to predict traffic levels and any crowd build-up at various floors, in order to assign more efficiently one or more cars to the floors where crowds are predicted, either parking them there, if they were empty or more appropriately assigning the car(s) to the hall calls. Traffic levels at various floors are predicted by collecting passenger numbers and car stop counts in real time and using real time and historic prediction for the traffic levels, with single exponential smoothing and/or linear exponential smoothing. Predicted passenger arrival counts are used to predict any crowd at fifteen-second intervals at floors where significant traffic is predicted. Crowd prediction is then adjusted for any hall call stops made and the number of passengers picked up by the cars. The crowd dynamics are matched to car assignment, with one or more cars being sent to crowded floor(s).
An interesting proposal was made by Inventio AG researchers, [44] . It consisted of a group control for elevators with load dependent control of the cars. The method begins when a call specifically assigned to a car that is unable to stop at the respective floor due to an expected overload, can be serviced subsequently by the same car. For this purpose first and second circuits, assigned to the floors, are provided. A selector scanning the floor and car call memories activates at every position the assigned first and second circuits, where the first circuit causes the car to pass the respective floor if an overload were to be generated at the stop. The second circuits assigned to the upward and downward directions are linked to each other in such a manner that, if an overload is established, the scanning by the selector of the floor and car call memories assigned in each case to the calls of opposite direction is prevented. After passing the nonserviceable floor and reaching the point of return of the direction of travel, the car travels without interruption back to the earlier disregarded floor, whereby the blocking of the scanning of the floor and car call memories of the calls in the opposite direction is cancelled.
IV.2. Approaches based on fuzzy logic
The scientific literature has always attracted interest in such approaches. A recent example of current interest is shown in [45] , which presents a set of five dispatching algorithms in an integrated approach. The system is composed of several local control systems, which implement the dispatching algorithms and an elevator group control system (EGCS) based on fuzzy logic (FEGCS). The overall fuzzy implementation is composed of two subsystems, namely the traffic identifier and the dispatcher elevator subsystems. So, the FEGCS determines the best algorithm to be run under different traffic situations in each LCS, in order to reduce the passenger waiting time and the power consumption. So, this approach includes identification of the traffic and considers a multi-criteria objective, which is a very novel contribution to a global control problem. However the rules applied could be more precisely named as expert rules without a strict sense of optimality.
Patents regarding fuzzy logic approaches have been proposed by Mitsubishi, who have registered an elevator control system that uses a system of evaluation factors by fuzzy logic to govern the elevator group, [46] . The system includes a fuzzy rule base having fuzzy rules stored therein which govern the selection of an elevator cage to be assigned to respond to a call. A reasoning unit is provided for selecting the appropriate fuzzy rule to be applied to a cage. The reasoning unit selects the appropriate fuzzy rule according to evaluation factors such as the miss forecast rate and the estimation rate of the cages.
Otis Elevator Company proposed an elevator controller with an adaptive constraint generator based on fuzzy logic, [47] . The group controller includes an elevator dispatcher for controlling the operation of the elevator cars during single source traffic conditions, the elevator dispatcher having a constraint for limiting car assignments in response to the constraint; and an adaptive constraint generator for modifying a value of the constraint in response to an elevator control system output variable. In one embodiment, the group controller includes: a traffic and traffic rate estimator to provide fuzzy estimates of traffic and traffic rate; a fuzzy logic controller for providing a control parameter in response to the fuzzy estimates of traffic and traffic rate, the control parameter having a constraint for limiting a value of the control parameter; an adaptive constraint generator for modifying a value of the constraint in response to an elevator control system output variable; and an elevator dispatcher for controlling the operation of the elevator cars during single source traffic conditions in response to the control parameter.
Later, the same company registered an open loop adaptive fuzzy logic controller for elevator dispatching, [48] , where a group controller for controlling elevator cars in a building is composed of a traffic and traffic rate estimator that provides fuzzy estimations of traffic and traffic rate, together with an open loop fuzzy logic controller for providing a control parameter in response to the fuzzy estimations of traffic and traffic rate. The open loop fuzzy logic controller has membership functions for fuzzy sets of the control parameter, an adaptive controller for modifying the membership functions of the fuzzy sets of the control parameter in response to an elevator control system output variable, and an elevator dispatcher for controlling the operation of the elevator cars during single source traffic conditions in response to the control parameter.
LG Industrial Systems proposed a group management control method for elevator systems that employed traffic flow estimation by fuzzy logic using variable value preferences and decisional priorities, [49] . The system decides on a corresponding car to be allocated in accordance with a predetermined hall call based upon traffic flow and the fuzzy theory which are different from the characteristics of each building, which includes the steps of: a traffic flow collecting step for collecting information concerning a current traffic flow occurring at each hall call and car; a traffic flow study step for studying information collected at the traffic flow collecting step; a traffic flow anticipating step for anticipating a specific traffic flow after a predetermined time, based upon the information studied at the traffic flow study step; a specific mode judgement step for judging a specific mode corresponding to the traffic flow anticipated at the traffic anticipating step; an allocation control strategy establishment step for establishing control strategy in order to allocate a proper car based upon a specific mode judged at the specific mode judgement step and the information and role defined by the building manager; a comprehensive evaluation function operation step for operating a comprehensive evaluation function for each car when a hall call occurs; an allocation possible car selection step for selecting a predetermined car possible for a hall call based upon the comprehensive evaluation function operated at the comprehensive evaluation function operation step; a control item value operation step for operating an input value per control item for an allocated possible car selected at the allocation possible car selection step; and an allocated car decision step for deciding on a car based upon a predetermined estimated rule using an input value per control item operated at the control item value operation step.
V. SPECIAL ARCHITECTURES: DOUBLE-DECK, MULTIPLE-DECK, AND MULTI-DOOR CARS
This section refers to special architectures that often appear in vertical transportation. They all pursue the same objective: to gain space in the building structure, thus allowing an improvement in several performance measures such as handling capacity, round trip time, waiting times, energy consumption, etc.
V.1. Constructive solutions: double-deck lifts
The first of the special architectures to be analysed refers to double-deck lifts. This type of lift is unusual in Europe but very common in the USA on high-rise buildings. They comprise two passenger cars, one above the other, that are connected to a single suspension/drive system. This structure allows the car to serve two adjacent floors simultaneously [see Fig. (3) for an example]. The upper floor is served by the upper cab, while the lower floor is served by the lower cab. During peak periods the cab area is arranged to serve even and odd numbered floors respectively, although passengers must be guided adequately. The main advantage of double-deck lifts is that the shaft handling capacity is increased because there are two lifts in the same shaft. Special control systems must be designed for such a type of structure. The scientific literature has been attracting research on such types of architecture over recent years. An example is a group supervisory control system that uses genetic network programming, whose optimisation and performance evaluation are done through simulations, [50] . First of all, optimisation of the genetic network programming for the double-deck system is executed. Secondly, the performance of the proposed method is evaluated by comparing it with conventional methods, and the obtained control rules in genetic network programming are studied. Finally, the reduction of space requirements compared with single-deck elevator systems is confirmed. Fig. (3) . A group of double-deck lifts at Midland Square, Nagoya, Japan
All the references that we have found in patent databases refer to the hall call allocation problem for this special type of elevator. This is the case of a double deck elevator allocation controlling system, [51] , where a set of work rules are collected in an allocation control unit. When a predetermined specified floor is registered in an elevator hall call registering unit, each cage call registering unit is capable of registering a cage call to both the upper and lower cages in the double operation mode as far as the specified floor is concerned. The operation control unit in each elevator controls the operations of the upper and lower cages, and is able to respond to the elevator hall call to the specified floor, which is allocated by the allocation control unit, and to a cage call to the specified floor which is registered in the cage call registering unit.
Otis Elevator Company has shown an interest in such architecture by registering a control system and control method for the reassignment of the cars of a double-deck elevator, [52] . The control device includes a group control system that assigns the upper and lower decks to respond to car calls from the upper and lower decks and boarding hall calls from the different floors. The control device also includes an assignment control device that determines whether a set of the car calls and boarding hall calls can be responded to simultaneously and which directs the group control device to reassign the upper and lower decks to respond to the set of car calls and boarding hall calls simultaneously.
A method for controlling an elevator installation with multiple cars has also been registered, [53] . The proposal considers an elevator installation with multiple deck cars that serves several floors simultaneously with one stop, which is controlled in such a way that the travel requests are allocated to the most suitable elevator car of the elevator group, and the allocation of a travel request from a starting-point floor to a destination floor to a car deck of the elevator car takes place shortly before reaching the startingpoint floor. A travel request is also redistributed or allocated to another deck at any time up until shortly before it reaches the starting-point floor. The allocation of the travel request is carried out dependent on: general criteria; allocated travel requests for the region of the starting-point floor; and allocated travel requests for the region of the destination floor.
However, most of the research has been repeated by Kone Corporation. One of its first developments corresponds to a double-deck elevator group controller for call allocation based on monitored passenger flow and elevator status, [54] . The procedure for controlling the elevator group consists of allocating landing calls to elevators and elevator decks in such a way that passenger journey time is optimised. The time of the call and the estimated time of arrival at the destination floor are taken into account. Passenger flow and elevator status within the elevator group are monitored and the passenger wait time and arrival time are estimated. The best elevator is selected to minimise passenger wait and ride time. The best deck is then selected based on the estimated wait time and ride time, in order that the passenger journey time may be minimised.
The company's subsequent research has lead to the development of an advanced genetic procedure for multi-deck elevator call allocation, [55] . The genetic procedure considers chromosomes for the car allocations, each of which contains a car data item and an elevator direction data item for each active landing call, and these data (genes of the chromosome) together define a car to serve each landing call as well as a collective control direction for the elevator. For each chromosome, a fitness function value is determined. Following genetic rules, one or more of the chromosomes are selected and altered with respect to at least one gene, and fitness function values are determined for the new chromosomes. The process of altering the chromosomes, selecting chromosomes and determining fitness functions is continued until a termination criterion is met based on the fitness function values. Finally, the most suitable chromosome is selected and the calls are allocated to the elevators and cars in the elevator group, in accordance with the solution.
V.2. Constructive solutions: multi-door lifts
Another possibility consists of lifts with more than one door. This constructive solution allows two twin buildings to be served at the same time. For example, one of them is served using the left door and the other one using the right door. Normally, access to these different buildings is protected with special keys or with identification codes. The solution can also include more than two doors providing service to more than two buildings. These are known as multi-door lifts. The multi-door option can be combined with double-deck lifts, thus significantly increasing the system's handling capacity.
We have found an interesting contribution from Kone Corporation, concerning the proposal of a method for the allocation of passengers in an elevator group considering several elevator lobbies and multi-door elevators, [56] . Each passenger gives their destination floor by means of a call input device, so that the passenger's starting and destination floors are thereby defined. The assignment procedure includes a genetic algorithm dispatcher, which also includes the possibility of double-deck lifts to gain shaft handling capacity.
VI. OTHER ISSUES: SAFETY SYSTEMS, MONITORING AND INTERFACING, AND PLANNING TOOLS

VI.1. Safety systems
Elevators are systems that are subject to strong regulations that depend on the legal system of the corresponding country. However, constructors are permanently designing new safety elements that go beyond the regulations and that can be "sold" as an element of added value.
Kone Corporation has proposed a device to improve an elevator's safety system, [57] . The safety system of the invention comprises an electric safety device, which monitors the velocity and position of the elevator in the elevator shaft. The safety device consists of a computer that is able to stop the elevator, using the brake of the hoisting machine or an optional car brake. The basic idea of the invention's safety system is to form a continuous limit curve that controls elevator speed. The limit curve defines the limits of permitted elevator motion, which are determined on the basis of the nominal speed of the elevator and the location of the car. The safety system of the invention comprises measuring means, for the continuous measurement of elevator motion data and a safety device that receives data about the motion of the elevator, calculating its velocity at each instant of time by using the elevator motion data and watching the elevator motion to ensure that it remains within the allowed limit curve. Moreover, the safety system comprises a stopping device that will stop the uncontrolled motion of the car if the elevator motion exceeds the limit curve set for it.
Mitsubishi has registered an emergency stop system, [58] , which is formed by: a status sensor for detecting the operation of a car; a brake device for braking the car; a brake controller for outputting a signal to operate the brake device based on a signal detected by the state sensor; and an uninterruptible power supply device for supplying electric power to the sensor, the brake device, and the controller. The controller has: a signal processing/calculating unit for calculating the deceleration of the car based on the signal detected by the sensor; a command value calculating unit for calculating a command value for operating the brake device based on the deceleration of the car calculated by the processing/ calculating unit; and a power monitoring device for monitoring the state of the uninterruptible power supply device.
A constructive solution to increase the shaft handling capacity is based on distributing two independent cars in a single shaft. However, this solution includes a potential risk that must be minimised. Mitsubishi proposed a system controller for two elevator cars in a single shaft, [59] . The proposal consists of a system controller for efficient group supervisory control while avoiding collisions between two elevator cars in service in a single elevator shaft. The elevator system controller includes a risk calculating unit which calculates the risk of a collision between elevator cars in the same shaft when the elevator cars are responding to a new call for service, a car assigning unit for assignment of an elevator car to respond to the new call based on the risk of collision, and an operation control unit for controlling operation of the elevator cars based on the assignment by the car assigning unit. The risk of collision is calculated for each car, and the risk is recalculated based on the possibility of the withdrawal of one of the elevator cars to a position in the shaft where no collision can occur, based on a predicted arrival time of a car at the floor that is requiring service. Those cars that have a high risk of collision when the remaining cars in the same shaft cannot be withdrawn to a safe spot in time are removed as candidates for assignment to respond to the new call. An evaluation is carried out using several evaluation indexes, in addition to the risk of collision, to decide which car is to be assigned to respond to the new call. If the determination of a traffic condition indicates low usage of the elevator cars, one car in each shaft is forwarded to a rest position and paused.
Another problem arising in the safety aspects of lifts is the door-open system of the car. A neural network detection of obstructions within, and movement towards, elevator doors has been registered by researchers of Otis Elevator Company, [60] . The system includes a camera, with suitable illumination that provides images to a processing card which converts the images to numerical vectors and applies them to a neural network which is capable of providing a door-open signal in response to something, either moving or still, being in the path of the doors, or anything moving in the landing adjacent to the elevator in a manner that indicates intent to enter the elevator. The dooropen signal is provided to the elevator door controller so that the doors become or remain open in response to anything moving towards the elevator or anything actually in the door pathway.
Finally, we address a proposal that concerns comfort more than safety, in the form of a control system for hydraulic elevators using fuzzy logic and speed control, [61] . The proposal includes: a flow control valve for controlling the amount of oil in a hydraulic jack; a sensor device for detecting at least one measurement of oil temperature and load pressure and producing the corresponding input data; a correcting rule storing device for storing correcting rules of control instruction values corresponding to input data from the sensor device; a fuzzy reasoning processor for calculating control instruction values as fuzzy values from the input data and the correcting rules; a speed pattern correcting circuit for correcting the control instruction values based on the fuzzy values calculated by the fuzzy reasoning processor; and a speed controlling device for supplying the corrected control instruction values to the valve. The objective is to improve the comfort experienced by passengers travelling in hydraulic elevators due to the jerk experienced when the car comes to a stop.
VI.2. Monitoring and interfacing systems
Nowadays, microprocessors provide an inexpensive means of monitoring vertical transportation systems, and an appropriate way to accumulate data that could be used in traffic detention or even dispatching strategies. In fact, lift monitoring systems enable building owners or managers to self-manage lift systems, thus optimising the safety, reliability, breakdowns, waiting times, and energy consumption, etc.
A comprehensive example of the wide range of applications associated to good monitoring systems is the Otis Elevator Company proposal based on a video aided system for elevator control, providing elevator dispatch and door control based on passenger data received from a video monitoring system, [62] . The video monitoring system includes a video processor that is connected to receive video input from at least one video camera. The video processor tracks objects that are located within the video camera's field of vision, and calculates passenger data parameters associated with each tracked object. The elevator controller provides elevator dispatch, door control, and security functions based in part on passenger data provided by the video processor. The security functions may also be based in part on data from the access control systems.
Toshiba Elevator Company has registered a functional variable remote monitoring system and remote monitoring method for elevators, [63] . The device collects and analyses data on the points that have been stated to be monitored without allowing a service person to visit the site dependant on the systems. The elevator is connected to a monitoring centre through a communication network. An agent device is installed on the elevator for each system, separate from the monitoring device of a control panel. The agent device selectively collects the data on measurement arbitrarily set by the instruction from the monitoring centre from the control panel, and transmits it to the monitoring centre. As can be seen, the system can therefore collect and analyse the data on the points to be carefully monitored without requiring a service person to visit the site.
A novel proposal consists on the replacement of video cameras by sensors. The area of an elevator is monitored in 3D by means of a three-dimensional sensor, which allows the groups of passengers moving in the building to be configured, [64] . The device utilizes a three-dimensional semiconductor sensor in order to detect three-dimensional image information. The sensor includes: a mounted light source so that the elevator area to be monitored is covered by the illuminated area of the light source; a sensor group that is mounted in such a manner that it receives reflected light; and a processing chip for converting the electrical signals into image information. In addition, the appliance includes a processing device that is connected to the semiconductor sensor in order to make the three-dimensional image information available. The processing device processes the image information in order to obtain status information that represents the status of the elevator area to be monitored.
A proposal to control door movement consists of a method for monitoring a manual elevator door system, proposed by S. Kamani and J. Sanches [65] . The contribution makes use of a set of sensor signals that are capable of detecting that an elevator car has stopped at a landing. The system determines whether the car door of the elevator car is open, and whether the hoistway door is unlocked or closed. It also determines whether a call has been assigned to the elevator car while the hoistway door was closed, providing a performance data signal in response to the collected information, where the performance data signal advises whether the manual elevator door system is in a nonalarm condition.
Finally, we address a two-part wireless communications system for elevator hallway fixtures [66] carried out by researchers from Otis Elevator Company. In their proposal, the elevator system hall fixtures such as lanterns, hall call button switches and lights, gongs, as well as the floor position indicators, are connected to a controller via wireless transceivers. A low power wireless system connects all fixtures on one hallway, with a higher power wireless system connecting each hallway with the appropriate controller. The controller also has a high power electromagnetic controller transceiver that is operatively associated with each of the floor transceivers, in order to exchange electromagnetic messages between each floor and the controller.
VI.3. Elevator system planning tools
Finally, in this section we address a simulating and planning tool that is used to select a system of elevators in a patent claimed by the University of Seville and MP Corporation, [67] . The tool consists of a system used to select a system of elevators to be installed in a building. The system comprises: means for obtaining data relating to the building; means for generating at least one user request model from the building data; means for obtaining a set of data for each elevator in the elevator system; control means which simulate the operation of the elevator system, according to the sets of data for the elevators in the elevator system and the generated user request model, and which determine the result of the simulation of the system; means for executing the aforementioned control means; and means for displaying the result of the simulation for each elevator system considered.
The tool allows the selection of the most suitable elevator group system configuration among a set of alternatives including mechanical characteristics, dimensions of the building and cars, number of cars in the group, and depending on the traffic pattern for each specific building.
CURRENT AND FUTURE DEVELOPMENTS
The vertical transportation problem refers to a person wanting to go from one floor to another floor within a building. However, the problem becomes increasingly more complex when the building is built higher and the population living (or working) in the building increases, thus making the exploration of advanced computer science techniques necessary. Nowadays, the progressive price increases of land in urban and business centres of the main cities in the world are leading to the construction of highrise buildings (commonly known as skyscrapers). In such buildings, the vertical transportation problem is extremely difficult to manage, particularly when everyone arrives at the same time at specific floors, wanting to travel to other floors. In order to solve such situations, the installation of specialised synchronized elevator groups in such buildings is common practice. Artificial Intelligence techniques are commonly used to overcome these difficulties. As has been shown in this survey, many artificial intelligence techniques have been successfully applied to deal with the problem, such as expert systems, fuzzy logic, artificial neural networks, genetic algorithms, ant colonies, particle swarm algorithms, immune system algorithms, or multiagent systems.
The majority of the main companies in the industry are starting to understand the importance of protecting their discoveries and inventions, and so they are registering their proposals in most of the countries where their commercial activity is relevant, such as the United States, the European Union, Canada, Japan, China, India, and other countries in the southeast of Asia and the Arabic peninsula. Otis Elevator Company, the Kone Corporation, Mitsubishi, Toshiba, Inventio AG, Macpuarsa Corporation (MP), and LG Industrial Systems Company, amongst others, have all done so. Most of the patents reviewed in this paper are (or were) included in the corresponding company catalogue.
The timeline patent production, as well as the different contributions concerning initial issues (heuristics, IF-ELSE rules, expert systems) and the most advanced Artificial Intelligence approaches (including genetic algorithms, fuzzy logic, or neural networks, amongst others), are addressing the ongoing research carried out in the industry. However, there is the need for new contributions, especially for those approaches addressed in section II.7 where we have been unable to find patents, such as multiagent systems, swarm particle algorithms, or immune systems algorithms amongst others. The contribution potential from multiagent systems emerges as an especially interesting field of work. Table 1 summarises the different specific problems emerging in the vertical transportation generic problem and the approaches that are being used to tackle them. It can be viewed as a map representing the potential contribution from each specific field of knowledge as regarded by the industry. The references in the boxes represent the patents that have been registered to solve such a problem, using that specific computer science approach. Table 1 brings together the most relevant computer science patents on vertical transportation that have been presented and discussed in this survey. As can be seen from the table, most of the problems correspond to the hall call allocation problem when a car needs to be dispatched to serve a landing call (23 cases). The remaining problems also include a significant number of contributions, with a particular focus on the global control problem. Although a significant number of expert rules have been addressed, most of them correspond to old contributions (from the 1990s). Fuzzy logic and genetic algorithms (nine references each) are becoming the most commonly used artificial intelligence approaches for tackling the different situations currently emerging in vertical transportation problems. Furthermore, hybrid approaches usually include fuzzy rules as part of the hybrid method.
More and more research on such problems continues to be carried out, and future patents concerning the vertical transportation problem can be expected. Artificial intelligence in all its variants will continue to make important contributions to the field, providing the future with new developments and challenges. Undoubtedly, one of the developments must be to take on board the previous research and incorporate ambient intelligence in the vertical transport system. This ambient intelligence will lead to greater user-friendliness: more efficient services support, user-empowerment, and support for human interactions. The construction of a real ambient intelligence will require ubiquitous computing, ubiquitous communication and intelligent user interfaces, such as embedded algorithms for traffic pattern recognition or devices for vision or pattern recognition for lift group control and monitoring, among others. Following along this line, relevant topics that are to be incorporated in the near future (such as distributed artificial intelligence, vision or pattern recognition for lift group control and monitoring, human-machine interfaces, ubiquitous computing, ubiquitous communication, and embedded systems) should aim to attract the important research that is being carried out in the vertical transportation world. 
